Background-No therapy has been shown to improve survival in heart failure (HF) with a normal ejection fraction (EF).
A substantial proportion (40% or more) of patients with heart failure (HF) have a normal ejection fraction and have been labeled as having diastolic HF. [1] [2] [3] [4] The mortality and morbidity of these patients are high. 5 However, there are few data available to guide the therapy of these patients, and no treatment has been shown to improve survival in diastolic HF. [2] [3] [4] 
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Because ␤-blockers and ACE inhibitors improve survival in patients with HF and a reduced ejection fraction, they might also be of benefit in diastolic HF. [1] [2] [3] 6 Calcium blockers have also been suggested for therapy of patients with diastolic HF. [1] [2] [3] Recent studies have reported that hydroxymethylglutaryl-coenzyme A reductase inhibitor (statin) therapy is associated with lower long-term mortality in patients with HF and a reduced ejection fraction. 7, 8 It is unknown, however, whether this finding also applies to patients with diastolic HF. Accordingly, we examined the association of therapy with statins and ACE inhibitors or angiotensin receptor blockers, ␤-blockers, and calcium blockers with 2-year survival in a well-characterized group of patients with diastolic HF.
Methods

Patients
We studied the patients who were evaluated for the presence of HF at Wake Forest University Baptist Medical Center between November 2001 and August 2002. HF was diagnosed as described previously. 9 Patients were excluded from the present study if they had a left ventricular (LV) ejection fraction Ͻ0.50, hemodynamically significant valvular disease, prosthetic valve replacement, active myocardial ischemia, myocardial infarction, malignancy, or dialysisdependent renal failure. The resulting study population consisted of 137 consecutive patients with HF and an ejection fraction Ն0.50. Other data and earlier follow-up of these patients have been reported previously. 10, 11 
Data Collection
Medication status was determined on the basis of the initial management after the cardiac evaluation. All treatment decisions were made by the patients' physicians. The Doppler echocardiographic examination was performed as described previously. 12 Briefly, LV volumes were measured from the apical 4-chamber view by the area-length method and used to calculate the ejection fraction. Tissue Doppler imaging was obtained from the lateral mitral annulus and used to determine peak systolic annular velocity and peak early diastolic annular velocity (E M peak). Peak early diastolic mitral inflow velocity (E peak), peak late diastolic mitral inflow velocity, and E-wave deceleration time were used to classify the diastolic function as normal, mild (impaired relaxation pattern), or severe (pseudonormalized or restrictive pattern). This classification was performed by consensus of 2 observers who were blinded to baseline clinical features.
Follow-Up
Follow-up was determined in February 2005 with the medical record, the death registry, and direct telephone contact to determine the patients' vital status and any cardiovascular hospitalizations. All hospitalizations were considered cardiovascular related unless due to a clear noncardiac cause (trauma, scheduled admission for a noncardiovascular procedure, or malignancy).
Statistical Analysis
We used the SAS program package (SAS Institute) for statistical analyses. Differences in quantitative and categorical data at baseline between groups were compared by the Student t test and the Fisher exact probability test. Differences in lipid levels before and after treatment with statins were compared by a paired t test. Because B-type natriuretic peptide (BNP) values were not normally distributed, a logarithmic transformation was used. Survival curves of patients grouped by medication status were calculated by the Kaplan-Meier method and compared with the log-rank test. Relative risk of clinical variables for death was determined with Cox proportional hazards regression analysis. To assess the independent association of treatment with mortality, the Cox hazards regression analysis was performed including the 4 baseline clinical variables that showed the most significant univariate predictive value for death and the 4 variables with the most significant difference between groups.
To further adjust for the nonrandomized assignment of patients to treatment, propensity analysis was performed. Propensity score was calculated as the likelihood of assignment to treatment with a statin by use of a logistic regression model that included the clinical variables that showed significant difference between groups and the 2 strongest univariate predictors for death. The patients in treatment group were matched with those in the no-treatment group with a propensity score within 2%.
Data are presented as meanϮSD. Risk for death is presented as relative risk (RR) with 95% CI. PϽ0.05 was considered significant.
Results
Baseline Clinical Characteristics
Baseline clinical characteristics of all patients and patients grouped by statin therapy are shown in Table 1 . Compared with patients not receiving statins, those receiving statins were more likely to be males with hypertension, diabetes, and coronary artery disease and to have higher serum creatinine values and lower BNP levels.
The Lipid data before and after treatment with statins were available in 21 patients receiving statins, and baseline lipid data were available in 47 patients not receiving statins ( Table  2) . Treatment with statins significantly reduced total and LDL cholesterol levels (PϽ0.01). After treatment, total and LDL cholesterol levels of patients receiving statins were similar to those of patients not receiving statins. Of the 47 patients who did not receive statins, only 6 patients had LDL cholesterol Ͼ130 mg/dL.
Survival Analysis
Follow-up was available in 132 of the 137 patients. During a mean follow-up of 21Ϯ12 months, 20 deaths and 43 cardiovascular hospitalizations were observed. Survival curves of patients grouped by medication status are shown in Figure 1 . Treatment with ACE inhibitors or angiotensin receptor blockers, ␤-blockers, or calcium blockers had no discernible effect on survival. In contrast, patients receiving statins had significantly higher survival rates than those not receiving statins ( Table  3 , model 2). Similar adjustments did not alter the lack of effect of treatment with ACE inhibitors or angiotensin receptor blockers, ␤-blockers, or calcium blockers on survival (Table 3) .
Hospitalization-free survival curves of patients grouped by medication status are shown in Figure 2 . Treatment with statins, ACE inhibitors or angiotensin receptor blockers, ␤-blockers, or calcium blockers had no significant effect on survival without cardiovascular hospitalization.
The propensity analysis produced 42 pairs of patients (receiving and not receiving statins) with matched propensity scores. These patients were similar to the original 137 patients in clinical characteristics and medication status. In the propensity-matched patients, 12 deaths and 26 cardiovascular hospitalizations were observed during a follow-up of 21Ϯ12 months. In these matched patients, statin therapy was significantly associated with improved survival (log-rank 6.12, Pϭ0.013) and a trend toward improved survival without cardiovascular hospitalization (log-rank 3.02, Pϭ0.082; Figure 3 ).
Discussion
Major Finding
HF with a normal ejection fraction (diastolic HF) is common and is associated with a substantial mortality. [1] [2] [3] [4] [5] However, no therapy has been demonstrated to improve mortality. Accordingly, we investigated the effect of treatment with a statin and the use of an ACE inhibitor or angiotensin receptor blocker, ␤-blocker, or calcium blocker on 2-year survival in 137 patients with diastolic HF. Treatment with an ACE inhibitor or angiotensin receptor blocker, ␤-blocker, or calcium blocker had no significant effect on survival. In contrast, treatment with a statin was associated with a substantial †Adjusted for baseline clinical variables that showed significant difference between patients who did and did not receive each medication.
‡PϽ0.01; §PϽ0.05.
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Comparison With Earlier Studies
The large randomized trials of statins did not include patients with HF. 14 -18 However, 3 recent observational studies have reported a significant association of statin therapy with lower mortality in patients with HF and a reduced ejection fraction. 7, 8, 19 Specifically, Horwich et al 7 reported that statin therapy was associated with lower mortality or need for urgent transplantation in patients with HF and an ejection 19 reported that statin therapy was associated with lower mortality but not reduced risk of nonfatal myocardial infarction or stroke in elderly patients with HF during 7-year follow-up. The present study demonstrates the reduced mortality with statins previously reported in HF with a reduced ejection fraction may also be present in diastolic HF. Although statin therapy was clearly associated with reduced mortality, we did not observe a clear reduction in cardiovascular hospitalizations. This may be due to the limited power of our study or to the observation that the patients receiving statins were more likely to have coronary artery disease, diabetes, and hypertension and thus may have had a higher risk for events that require hospitalization. The latter possibility is supported by the finding of the association of statins with a stronger trend toward reduced hospitalization in the propensity-matched cohort.
Possible Mechanisms
Patients with diastolic HF are typically elderly; thus, coronary artery disease, whether recognized or unrecognized, is quite common. The improved survival we observed might be due to the known beneficial effects of statins in patients with coronary artery disease. 14 -18 Furthermore, both diabetes and impaired renal function are common in patients with diastolic HF. Because statins may improve outcome in these conditions, 20, 21 this might explain some of the benefit we observed with statins in diastolic HF.
As expected, the patients who were started on statins had higher baseline total and LDL cholesterol than the patients who did not receive statins. Only a few of the patients who did not receive statins had a clear indication for these agents. After therapy, patients who did and did not receive statins had nearly identical total and LDL cholesterol levels (Table 2) . Thus, it appears that the possible beneficial effect of statins in diastolic HF may be due to effects other than reduction in LDL cholesterol. Similarly, other studies have reported that the survival benefit of statins is independent of baseline cholesterol level in patients with HF and a reduced ejection fraction and that the benefit is observed even in the subset of patients with lower cholesterol levels. 7, 8 Statins have a variety of potential benefits in addition to lipid reduction that may more directly impact diastolic HF. First, statins may exert beneficial effects on LV hypertrophy and fibrosis in experimental animal models and patients. [22] [23] [24] Because LV hypertrophy and fibrosis may contribute to diastolic HF, the beneficial effect of statins on LV hypertrophy and fibrosis may directly impact diastolic HF. [2] [3] [4] Second, a mild antihypertensive effect of statins has been observed in hypertensive patients. [25] [26] [27] Such an antihypertensive effect may contribute to reducing LV mass and improving diastolic function.
Third, statins may increase arterial distensibility. 27, 28 Potential mechanisms by which statins increase arterial distensibility include the beneficial effect on endothelial function 29, 30 and regression of aortic atherosclerosis. 31, 32 A statin-induced increase in arterial distensibility may decrease LV afterload and increase coronary perfusion, thereby improving LV relaxation and diastolic function. 33, 34 A fourth beneficial effect of statins that could impact diastolic HF may be a protective effect on LV remodeling. Animal studies have reported that statins prevent LV dilation after myocardial infarction. 35, 36 Other potential beneficial actions of statins that are not limited to diastolic HF include antiinflammatory and antioxidant effects. 29 Elevated inflammatory markers are associated with worse symptoms and poor survival in HF. 37, 38 Myocardial oxidative stress due to increased production of reactive oxygen free radicals also plays an important role in the development of HF. 39 
Study Limitations
There are several limitations of this study. Because of these limitations, the results of the present study must be considered to be preliminary. Most importantly, statin therapy was not randomly assigned. Despite adjustment for differences in baseline clinical features and other predictors for death and the use of propensity analysis, the benefits of statin therapy might reflect other unmeasured factors that are related to improved survival.
A second limitation is that the study population here consisted of only 137 patients, and the number of events was limited. Thus, the present study is not adequately powered to detect the potential mortality benefits of treatments or the effects on hospitalization. It is important to recognize that the CIs for the relative risk of death associated with treatment with ACE inhibitors or angiotensin receptor blockers, ␤-blockers, or calcium blockers are wide and include the possibility of substantial benefit (Table 3) .
A third limitation is that the lipid profile at baseline or during follow-up was not available for all patients. Furthermore, we do not have complete data on compliance with statins or subsequent initiation of statins. Other studies have reported that low serum cholesterol level is associated with higher mortality in patients with HF and a reduced ejection fraction. 40, 41 Because of limited power, we could not determine whether the benefit of statins was independent of baseline cholesterol level or the change in cholesterol level.
Clinical Implications
The present study suggests that statins may be a new therapeutic option to improve survival in diastolic HF. Statin therapy in HF is being evaluated in several randomized controlled trials. 42 However, these trials are designed to evaluate the effect of statin therapy in patients with HF and a reduced ejection fraction. The present study emphasizes the need for a randomized study of the effect of statins in diastolic HF.
